We performed a systematic review and meta-analysis to determine the efficacy and safety of the US Food and Drug Administration approved vascular endothelial growth factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) in the treatment of advanced thyroid cancer.
Introduction
Thyroid cancer is the most common neoplasm of the endocrine system with incidence rates steadily increasing over the past 10 years. 1 In 2014, ~62,980 new cases of thyroid cancer were diagnosed and ~1,890 cancer deaths occurred from the disease in USA. 2 Although the prognosis is excellent for the majority of patients treated by surgery, thyroid-stimulating hormone-suppressive therapy, and radioiodine ablation, with an overall survival rate of 97.7% at 5 years, 3 local recurrence occurs in up to 20% of patients and distant metastases in ~10% at 10 years. 4 Until now, the medical approach 
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Yimaer et al for the treatment of advanced or metastatic thyroid cancer refractory to conventional treatment is considered particularly challenging and few therapeutic options are available for these patients. Historically, the role of cytotoxic chemotherapy has been quite limited in these patients due to low efficacy and unfavorable toxicity profile when used. 5 In the past decades, a better understanding of the molecular events involved in the tumorigenesis of thyroid cancers has led to development of new targeted agents for the management of advanced and refractory disease. Previous research has shown that vascular endothelial growth factor (VEGF) is overexpressed and its main receptor VEGFR-2 is upregulated in many thyroid cancers, which is associated with neoplastic progression and aggressiveness. 6 The VEGF and its receptors are, therefore, regarded as attractive therapeutic targets in the treatment of thyroid cancers. 7 Since 2011, four tyrosine kinase inhibitors (TKIs) targeting vascular endothelial growth factor receptor (VEGFR) have been approved by the US Food and Drug Administration for thyroid cancer: cabozantinib and vandetanib for medullary thyroid cancer and sorafenib and lenvatinib for differentiated thyroid cancer. All of the four drugs are multikinase inhibitors that act on multiple molecular pathways involved in growth, angiogenesis, and local and distant spread of thyroid cancer. 8 Sorafenib is a multitargeted TKI with inhibitory activity against VEGFR-2 and -3, c-Kit, platelet-derived growth factor receptor (PDGFR), rearranged during transfection (RET)/papillary thyroid carcinoma, and Raf kinases, and the Raf/Mek/Erk pathway (MAPK pathway). 9 Vandetanib has a low molecular weight and a good inhibitory activity against VEGFR-2, and targets VEGFR-3, EGFR, and RET kinases.
10 Sunitinib (SU011248) is a selective inhibitor of VEGFR-1, -2, and -3, PDGFR, c-Kit, and RET/papillary thyroid carcinoma subtypes 1 and 3.
11 Lenvatinib is an oral, multitargeted TKI of VEGFR-1, -2, and -3, fibroblast growth factor receptor-1, -2, -3, and -4, PDGFR-α, RET, and KIT. 12 To our best knowledge, there is no meta-analysis to assess the overall efficacy and toxicities of these four approved VEGFR-TKIs in advanced thyroid cancer. We, therefore, conducted this comprehensive meta-analysis to assess the efficacy and toxicities of approved VEGFR-TKIs in advanced thyroid cancer.
Methods

Data sources selection of studies
The Cochrane Central Register of Controlled Trials, PubMed (up to October 2015), and Web of Science (up to October 2015) databases were searched for articles. The search was extended to abstracts from oncology meetings containing the same terms ("VEGFR-TKIs", "vandetanib", "sorafenib", "lenvatinib", "cabozantinib", "advanced thyroid cancer", "metastatic thyroid cancer", "randomized controlled trial", and "humans"). Using the same search terms, we also searched abstracts and virtual meeting presentations from the American Society of Clinical Oncology conferences held up to October 2015 in order to identify relevant trials. An independent search of the Web of Science, Embase, and Cochrane electronic databases was also performed to ensure that no additional clinical trials were overlooked.
Data extraction and clinical end points
Data extraction and analysis were conducted independently by two independent investigators and any discrepancy was resolved by consensus according to the Quality of Reporting of Meta-Analyses guidelines. 13 Clinical trials that met the following criteria were included: 1) Phase II and III trials in patients with advanced thyroid cancer; 2) random assignment of participants to treatment with VEGFR-TKIs or placebo alone; and 3) reporting data for at least one of the safety or efficacy outcomes. Independent reviewers screened reports that included the key terms by their titles and abstracts for relevance. Then, full texts of the relevant articles were retrieved to assess eligibility.
For each study, the following information was extracted: year of publication; first author; number of enrolled subjects; number of patients in each arm; median age; doses of VEGFR-TKIs administered; combination drug; median progression-free survival (PFS) (time to progression if not available), median overall survival (OS), objective response rate (ORR), fatal adverse events (FAEs), hazard ratios (HRs) for PFS and OS, treatment discontinuation related to adverse events (AEs), and any severe AE. The quality of included trials was rated using the five-point Jadad scale, which was based on the reporting of randomization method, blinding method, and withdrawals and dropouts. 14 
statistical analysis
Incidence, relative risk (RR), and corresponding 95% confidence intervals (CIs) were the summary measures of ORR, FAEs, treatment discontinuation related to AEs, and any severe (grade 3 or 4) AE. We calculated the RRs and CIs, comparing the incidence of each AE in patients assigned to VEGFR-TKIs with those assigned to placebo alone in the same trial. For one study that reported zero events in the treatment or control arm, we applied the classic half-integer correction to calculate the RR and variance. 15 The summary 
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Efficacy and safety of VEGFR-TKIs in ATC measures of PFS and OS were HR and the corresponding 95% CIs, which were extracted from each randomized controlled trial (RCT). For each meta-analysis, the Cochran Q statistic and I 2 score were first calculated to determine heterogeneity among the proportions of the included trials. 16, 17 For P,0.10 values of the Cochran Q statistic, the assumption of homogeneity was deemed invalid and a random-effects model was reported. 18 Otherwise, results from the fixedeffects model were reported. Finally, potential publication biases were evaluated for severe AEs using Begg's and Egger's tests. 19 A two-tailed P-value of ,0.05 without adjustment for multiplicity was considered statistically significant. The results of the meta-analysis were reported as classic forest plots. All statistical analyses were performed by using Version 2 of the Comprehensive MetaAnalysis program (Biostat, Englewood, NJ, USA).
Results
search results
A total of 146 studies were identified from the database search, of which 141 reports were retrieved for full-text evaluation. Five trials met the inclusion criteria and were included in this systematic review (Figure 1) . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Table 1 shows the characteristics of the included studies. Overall, a total of 1,614 patients were included for analysis. According to the inclusion criteria of each trial, patients were required to have an adequate renal, hepatic, and hematologic function. In all trials, randomization was between doublet combination group and single agent group. The quality of each included study was roughly assessed according to Jadad score, and all of these trials were double-blind, placebo-controlled trials and thus had a Jadad score of 5.
Safety of VEGFR-TKIs versus placebo Fatal adverse events
FAEs were diagnosed in 43 patients: 31 (2.7%, 95% CI: 1.2%-6.3%) in VEGFR-TKI arms and 12 (1.7%, 95% CI: 0.5%-5.8%) in placebo arms. The RR obtained for the studies ranged from 1.01 to 6.55. Overall, no increased risk was observed for the studies (RR=1.24; 95% CI: 0.65-2.39; P=0.52) (Figure 2A ) using a fixed-effects model (I 2 =0, P=0.81).
any severe aes
The incidence of any severe AE related to VEGFR-TKIs and placebo alone was, respectively, 52.2% (95% CI: 43.3%-60.8%) and 46.6% (95% CI: 32.9%-60.9%) by using the random-effects model. The use of VEGFR-TKIs significantly increased the risk of any severe AEs, when compared to placebo (RR=2.63, 95% CI: 1.72-4.03, P,0.001) ( Figure 2B ) using a random-effects model (I 2 =79.7, P=0.001).
Treatment discontinuation
The incidence of treatment discontinuation due to VEGFRTKIs and placebo alone was, respectively, 17.7% (95% CI: 13.0%-23.8%) and 4.6% (95% CI: 2.9%-7.2%) by using the random-effects model. The risk of discontinuing treatment because of AEs was higher with the use of VEGFR-TKIs compared with the controls (RR: 3.80, 95% CI: 2.56-5.65, P,0.001) ( Figure 2C ). The test for heterogeneity was nonsignificant and a fixed-effects model was used (I 2 =25.6, P=0.25).
Efficacy of VEGFR-TKIs versus placebo Overall survival
The pooled HR for OS did not show significant difference between VEGFR-TKIs and placebo alone (HR: 0.83, 95% CI: 0.68-1.01, P=0.06) ( Figure 3A) . The fixed-effects model was used because there was no significant heterogeneity (P=0.90, I 2 =0).
Progression-free survival
In comparison with placebo alone, VEGFR-TKIs significantly improved PFS (HR: 0.41, 95% CI: 0.27-0.61, P,0.001) ( Figure 3B ). The test for heterogeneity was significant and a random-effects model was used (P,0.001, I 2 =89.3).
Objective response rate
In comparison with placebo, the use of VEGFR-TKIs significantly improved ORR (RR: 8.73, 95% CI: 1.72-44.4, P=0.009) ( Figure 3C ). The test for heterogeneity was 
1171
Efficacy and safety of VEGFR-TKIs in ATC significant and a random-effects model was used (I 2 =86.6, P,0.001).
Publication bias
No publication bias was detected with Begg's or Egger's test for the efficacy and AEs studied, except for any severe AEs (Begg's test, P=0.05; Egger's test, P=0.04) ( Table 2) .
Discussion
Increased vascularity has been reported in thyroid cancer. Angiogenesis, especially VEGF signal pathway, plays a pivotal role in tumor growth, progression, and metastasis. 34, 35 Previous research had demonstrated that thyroid cancer cell lines were characterized by high expression of both VEGF and its receptors. 36 Thus, the VEGF signal pathway has been targeted as a therapeutic option for thyroid cancer. In fact, four VEGFR-TKIs including vandetanib, sorafenib, lenvatinib, and cabozantinib have been approved by the US Food and Drug Administration for use in radioiodine-refractory differentiated thyroid cancer or medullary thyroid cancer; 37-39 thus, it is anticipated that the use of VEGFR-TKIs would be increasing 
1172
Yimaer et al in the near future. In contrast with traditional chemotherapy agents, VEGFR-TKIs present an anti-VEGF toxicity profile, such as hypertension, [40] [41] [42] proteinuria, 43 thrombosis, 44, 45 and hemorrhage. 46 However, the toxicities associated with VEGFR-TKIs in advanced thyroid cancer remains unknown. Moreover, the overall efficacy of VEGFR-TKIs in these patients has not been comprehensively assessed.
Our study, which included 1,614 patients from five RCTs, demonstrates that the use of VEGFR-TKIs in advanced thyroid cancer significantly improves ORR and PFS, and there is also a tendency to improve OS in comparison with the placebo groups. Safety of systematic treatments is of particular importance in palliative setting in advanced thyroid cancer patients, given the potential negative impact on benefit ratio and quality of life. As for toxicities, a previous meta-analysis conducted by Hong et al 47 reported that the use of VEGFRTKIs significantly increased the risk of FAEs when compared with controls (odds ratio: 1.85, 95% CI: 1.33-2.58, P,0.01), while subgroup analysis according to tumor types showed that the use of VEGFR-TKIs did not significantly increase the risk of FAEs (odds ratio: 2.25, 95% CI: 0.61-8.30, P=0.22). Findings of our study indicate that the use of VEGFR-TKIs significantly increased the risk of treatment discontinuation and any severe AEs, but not of FAEs, which is consistent with the findings of a previous study. Based on our results, we conclude that VEGFR-TKIs could be recommended for use in advanced thyroid cancer due to their potential survival benefits, although the use of these drugs would increase the risk of developing treatment discontinuation and any severe AEs, but not of FAEs. Long-term follow-up studies for OS of advanced thyroid cancer patients receiving these VEGFRTKIs are still needed because survival data in these published studies are immature at the time of analysis.
Our study has several limitations. First, this meta-analysis only considers published literature, and lack of individual patient data prevents us from adjusting the treatment effect according to disease and patient variables. Second, toxicity data in RCTs have been reported to be suboptimal and variable as toxicity is usually not the primary outcome measure. Furthermore, there is some degree of subjectivity in the process by which investigators in trials adjudicate whether a patient's death was the result of an AE, cancer progression, or other unrelated causes. Third, these studies exclude patients with poor renal, hematological, and hepatic functions, and are performed mostly at major academic centers and research institutions; the analysis of these studies may not apply to patients with organ dysfunctions and in the community. Finally, as in all meta-analyses, our results may be biased as a result of potential publication bias. However, a funnel plot evaluation for AEs and efficacy does not indicate publication bias except for any severe AEs.
Conclusion
In conclusion, the use of small-molecule VEGFR-TKIs in advanced thyroid cancer does significantly increase the risk of developing treatment discontinuation and any severe AEs, but not of FAEs, compared with placebo alone. Additionally, the use of VEGFR-TKIs in advanced thyroid cancer significantly improves ORR and PFS, and has a tendency to improve OS. These observations may aid medical oncologists in weighing up the risks and benefits associated with VEGFRTKIs in treating patients with advanced thyroid cancer.
